Abstract. An experimental investigation on laboratory simulation of reinforced concrete beams submerged in sea water was carried out. The research aimed to analyze the beam flexural behavior cause by submersion effect in the marine environment and simulation pool. Flexural testing was conducted by using two point loading up to beams ruptured. Total 18 reinforced concrete beams of 10 cm x 12 cm x 60 cm in dimension with GFRP-S bonded on the bottom side. Nine beams were submerged in the marine environment and 9 beams were submerged in the simulation pool. Exposure period is 1, 3 and 6 months after 28 days cured in fresh water. The result indicate that the ultimate load and bonding capacity of beam specimens submersed in the marine environment were relatively lower than the specimens submersed in simulation pool. Based on this experimental study, submerging of specimens in simulation pool (Pp) could be used to predict specimens submersed in marine (Ps) by using equation
Introduction
One of the techniques used to strengthen existing reinforced concrete (RC) members involves externally bonding fiber reinforced polymer (FRP) composite materials. The application of FRP to the concrete structures offers several desirable attributes, such as resistance to corrosion, high strength, lightweight and ease of handling. Therefore, FRP has been widely used for many purposes of construction, not only for building but also for other type of construction such as bridge, which is exposed to marine environment. Marine environment is one of the aggressive environment that has huge impact on reinforce concrete structures due to chloride attack that can lead to the degradation and deterioration of structures [1] .
Over the past decades, the bonding of FRP sheet has been recognized as one of the essential problem occurred when it was applied on a structural member [2] . A number of debonding failure modes can occur in such FRP-strengthened RC beams before failure occurs by the rupture of the FRP or even before the compressive of reinforced concrete crushed [3] . Generally, debonding failure modes is caused by the opening up of major flexural cracks especially on flexural member. Debonding initiates at a major flexural cracks and then propagates toward the end of FRP sheet. This debonding failure mode is commonly referred to intermediate crack (IC) debonding. Hence, IC debonding can be categorized as one of the major problem of the use of FRP on flexural member.
A substantial amount of research related to IC debonding due to sea water submersion has not been widely published and limited. To address these areas, the authors conducted an experimental investigation on the effect of sea water submersion on bonding capacity of RC beams retrofitted with GFRP-S.
Research Significance
This experimental research can be either provided by submersed the specimen directly in the marine environment or in the simulation pool. The use of large scale of specimen for marine environment can be very inconvenience due to its complexity mobilization and safety storage. Therefore, it is more convenience to use small scale of specimen and submerse it in the marine environment and in the simulation pool. However, submersing specimen in the simulation pool could not reflect the real condition and also could not provide the same result as the submersion in the marine environment itself. Hence, there is a correction factor (CF) needed between both of these testing results. Hopefully, the correction factor can be used to convert testing result of large scale of specimens in the simulation pool into the real condition in the marine environment. It can be also used to predict the correction factor for long-term period of submersion.
Experimental Program
There were 18 reinforced concrete beams retrofitted with GFRP-S, each period of testing consisted of 3 specimens. The name index means [B = beam, S = marine environment, P = pool] and the number indicates submersion period in month. Description of Specimens. The beam was 600 mm long, and cross section have dimension of 100 mm x 120 mm. On the bottom side of beam was bonded Glass Fiber Reinforced Polymer Sheet (GFRP-S). GFRP-S consisted of 2 plies that each have thickness of 1.3 mm. It should be noted that the bonded length was only 450 mm, thereby preventing the GFRP-S to be clamped in the supports.
All specimens were pre-cracked by a notch of 20 mm along the width of beams at midspan to localize the crack during the loading stage. Two non-continuous longitudinal bar were applied to both sides of beam with the space of 20 mm apart to ensure the crack only occurs at midspan toward the notch. The detail of specimen is presented in Fig. 1 .
Fig. 1 Detail of specimen

Materials.
A commercially available concrete was used in this research. It was delivered to the laboratory by a local supplier. Standard compression tests were conducted on cylinder specimens to measure the compressive strength of concrete. Rebar tensile test was also performed, and material properties of concrete, rebar and GFRP are described in Table 1 . Test Setup. Bending test were conducted by simple supported with span of 500 mm. Load was applied symmetrically at two points 100 mm apart as shown in 
Results and Discussion
Chloride Content and pH Degree. Fig. 3 show the chloride content and pH degree of water.
Chloride content of water in the simulation pool generally influenced by evaporation, while in the marine environment due to the hydrologic cycle that occurs naturally in the ocean. The hydrologic cycle creates the balance amount of water that still remains in the marine compared to the simulation pool. Hence, chloride content of water in the marine does not change significantly. Average of chloride content of water was 18.47 mg/mL and 16.86 mg/mL in the marine environment and simulation pool, respectively. The pH degree was 8.00 and 8.32 for marine environment and simulation pool, respectively. As the chloride content of water in simulation pool drastically decreased at initial submersion period, the pH degree still remained with minor change. It can be revealed that chloride content does not affect the pH degree significantly. Bending Capacity. Fig. 4 shows the relationship between load and deflection fom all specimens. It can be observed that all specimens have similar behavior until failure. Non-continuous longitudinal bars at midspan of beam provided brittle failure characteristics, which is marked by the sudden failure of specimen. Curves in Fig. 4 also confirm them, as shown by near-linear slope behavior. The concrete section resisted both compression and tension force at the initial loading stage. At this stage, GFRP sheet resisted only a small portion of tension force. 
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Fig. 4 Relationship between load and deflection
Further loading caused cracks that occurred toward the notch at midspan. Once the concrete cracked, the tension force was only released to GFRP-S due to the concrete behavior that could not resist tension force after cracking. The cracks then propagate upward to the compression zone. As the results, the compression force of concrete increased to achieve the equilibrium with the tensile force of GFRP-S. The beams failed when the bonding capacity of GFRP-S achieved its ultimate.
Fig . 5 shows the relationship between ultimate load and submersion period. It is observed that the ultimate load does not change with increasing submersion period. The difference between ultimate load of specimens submersed in the marine and simulation pool are 8.48%, 12.47% and 14.95% sequentially for 1, 3 and 6 months submersion. It confirms that a high chloride content of water in marine environment did not provide higher ultimate load.
Fig. 5 Ultimate load versus submersion period
There are deviation between the results of specimen which was submersed in the marine and simulation pool. It may be affected by sea waves and marine environment that could not be simulated in the simulation pool. Therefore, it takes a correction factor (CF) , which is the ratio between ultimate load of specimen submersed in the marine (P S ) and simulation pool (P P ).
A correction factors is a ratio between ultimate load of specimens submersed in the marine and simulation pool, for 1, 3 and 6 months submersion period are 0.92, 0.89 and 0.87 respectively. The relationship between load factor (y) and submersion period (x) is indicated by the exponential line pattern, as shown in Eq. 1. By substituting y = Ps/Pp and x = t is obtained in Eq. 2, which can be used to predict the ultimate load of specimen submersed in the marine by using the ultimate load of specimen submersed in the simulation pool. Bonding Capacity of GFRP-S. The bonding capacity on flexural beams is affected by the tension force developed at the GFRP-S of the extreme tension surface. In order to develop equilibrium of internal forces, then the compression force is resisted by concrete and the tension force is resisted by GFRP-S. Fig. 6 illustrates the flexural stress and strain diagram as well as the illustration of the flexural bonding capacity on GFRP-S. Due to the relatively small value on concrete strain, the elastic relationship between strain and stress can be assumed. The moment capacity M u of flexural beams was developed by a couple action between compression force (C c ) and tension force on GFRP-S (T f ) with the arm (z) that may be expressed as on Eq. 3. The depth of the compression stress diagram c as on Fig. 6 can be estimated by substituting the experimental strain of concrete ε c and strain of GFRP-S ε f to the Eq. 4. Then, the tension force of GFRP-S T f can be estimated by Eq. 5. Table 2 presents the calculation of the average bonding capacity on all specimens. Results indicate that the bonding capacity of all specimens submersed in marine are lower than the specimens submersed in simulation pool. The percentages are 8.10%, 14.34% and 15.38% for 1, 3 and 6 months submersion, respectively. It is confirmed that the
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Advanced Engineering and Technology specimens submersed in simulation pool could not provide the same result as the specimens submersed in the marine. The difference between them increases along with the submersion period. Fig. 7 Photograph of the failure specimen
Failure Mode. All the tested specimens failed in midspan due to the flexural cracks (intermediate crack) . Fig. 7 presents the photograph of the failed specimen. The failure was initiated by the flexural crack occurred at midspan. Increased tension force on GFRP-S along with increased load. Once the ultimate bonding capacity was reached due to the increasing of tension force on GFRP-S, the beam failed due to debonding of GFRP-S. Debonding started from the edge of the major crack simultaneously towards the end of GFRP-S. The maximum strain on GFRP-S at the ultimate load was approximately 3000 x 10 -6 , which was smaller than the rupture strain of the material (22000 x 10 -6 ).
Summary
The ultimate load and bonding capacity of specimens submersed in marine were relatively lower than the specimens submersed in simulation pool. The higher chloride content in marine (18.47 mg/mL) provided the lower value for both ultimate load and bonding capacity of specimens, compared to the specimens submersed in simulation pool (16.86 mg/mL). Based on the experimental study, submerging of specimens in simulation pool (Pp) could be used to predict specimens submersed in marine (Ps) by using equation
